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A (‘vlmdriciil >m(‘i.i-y (‘on i^slini/ ol‘ a rojidiiH.or (nidins smircn
(cjnliu^ i n), a iJ '^olumn (]-a.fUns h) thin f»t Sb (radius c), 1 liin layor of
su|)/•( oadtint<)i (radius d) and a lliiir !i/y‘r r>f Sh (radins e sin li Uial 
1^ '  ^ a ‘ h r ' c? > r) is studird. 'Tiin riiifi; souum'. is a-ssuTiu d to la* 
tin* l in/ of inainiriif* rurrculs. 1'liis stiuc-tiirf* ii,i\'-(\s tlu^  nmltij)In ])oa]cs \
of rndia.lifm fn ld of rfjual matnijindr jvt diflninuf au<)^ Ins iurjndin^
]>f;aks ofloss radiation field at oUier /ingles for diffcTCiil A'alnos of vaiious 
paranioters of t-his sinicturo
1. Tn tr o d ttc tjo n
Sfuirce (vveitat ion of (‘ylijub’ieal stnietm-e Las (k/ul sludird by Sliarina ef al (1975) 
arid H'uu (tliiuidr:i ei a! (1974). In addilion t(» f.lds ninllilayca/'d iransniissiou 
u^u^ s ai(‘ adso in\’i''Ms.atf/l by 1 )uiiti iyev'- et aJ (1979). Tliu’i* in this aitirk* wo 
iui.oml to di;:riiss Ibf" radiat ion pattern of itie nudi jla v'(‘Trd syslinn A\hiJ(^  exciting 
uilh lla^  *'f iiiagnclii* curtiails. 4'lic ring source is assuiru^d 1o ho
sil indofl in aii. 'TJic air ratimm i^  sarroimdi'd by (tiiu layi'rs of anttnioi>y, siTjicr- 
laiufluctfu' aud a.uiminny The gfamntry cfnisisls fd’ a^ condncli'i- alonix it.s " axis. 
4'hc raiflins oi’ cfU'diir(or, riiov sfuioac a.ii' ('oliiimi antimony la\(a’, snpciconduclor 
and outer antimony layrr ai'fi rc'-peei i\ ely u, Ik c. d and e (a^  <_ a < h <_ c
< i/ - c ) .
2. ANytiA'Sis
Tlio ring souriM^  is siiuatf'd in c - 0 piano. The source fnijn is given Ly
M  -- ('> d{:) d(f) a] \VhcT‘(‘ d) is Mn* miit. Vfict.or along if direction of the cyliiub JcaJ 
('Ooi'd/males. and a being the Kioneelvin’s drlta lunetton. FolloAving t-lu' pio(*(fluro 
given by Idiani Ram cl al (1972) one can a.rrive at the following solui-ions for the 
first asymni'drie modi' in cylimlricat oooidinates.
K  ■- <  p <  n ... (la.)
h.. - ••■'/('V')-r A X l 'o P ) '*  <  P l> ... (lb )
Ji, ■^ ■yKK)p) hn,l\(i\p)b <  p <  c ... (Ic)
A, - - ■ f  ^ 0 ' i ( ? ’2p)f; <  p <  d ... (Id)
■e.-C(i\p) +  Br^ Y^ {v^ p) d <  p < e ... (lo)
K  - r v r o ' o p )  < p -  (1/)
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h(p , kz) J (/;,:)(' d?
-fXi
and tho inverso transform is giwm by
--  L  f  <iL;t-)7l - JO
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VVJiero h is tho Fourior’n Transform of 11 hy
*^ n> B(‘.ss(.'l lunctions oi' liisl Iviml, sreond Ivind and Jliiulo‘i
fujicifou of drst kijid r(*sp(H'ti\a‘]y of /;-lh oiita
and
wh-av. 'iL\ //-y, {.„ a j^id e,., a.o. rt‘’;])(irh\(:j\' t tie r.(ua'<'< lfr({U (auy, jirr m('a])ijity and
■j/aanitM lA j :y oi i j ‘<^ r sj,a( <\ |u op.^ .^-d it o \ di('l<M*1 ric roiisiaut idr a-iilmionv
]:yyr,r ;md di«d(a;l.i'u- oonsl.'vu'i i(’.r sup m\ ‘' auim f or 
Ntnv apjdvim.* 1 !k ' id liow ijip  boimtbtrv C(ULdiii(ui^
(i) A i  f t  —  Uj, tJio 1 a.up;<Md■J^ ll rua'da- Vvaai>rvi/. /d(/r,,.) i,- ('ontiimous,
'riior(.((U‘o
d h ,
d p  ‘ p
p  r.  H ^
(ii) At tho looalion of tho maguoj.ic rmg source of electromagnetic waves 
(p =t a) tho continuation of IJ^ and jump conditions gives
1 a ~&  ^ I a i-(!»
dh^ ; dh^ , 
d pd p  jlaw (
(iii) At p — 6, the eontinuotiou of Jl^ , and will give
Ih. I  f t -  5  "  ' ^ ^ 3  I  f t t ^
1 d iu  fe  
Ca ' , +1 dp p
I  ^ I
b -t  ' ^ i / i - 6 + f i
(iv) At p  =  c, the continuation of and Ez will give





V l p - ^ ' p
(v) Acram at /_> ~  r/, conaiuuaiion oi' II  ^ a n d  will gi\c‘
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j 1 i'fi j flh^ dhr,
1 '/-«
d
dp ' P  '
d+ fl
(\n) M. /; -  (\ the (unit iiiuataon of'//  ^ and E -  w'lW give




wh're () ”> 0
After a pplyiug lJios(‘ boundary conditions one can get tlu^
:;urriug in e(|. dO
Now jm n '  ^ ft rc;j
I^T . uo
'Hic a.iicl v’o) (w-ciiriuiG: lu IIijs v;(). Iiavf’ ii;a]t i[»lt valiK  ^ ai iLt
iioij/hi)tnii‘li'*<ad <m' - 0 0 aitd - 0 r • .’■■'pccI iv <:ly. 'Mu iMcatat'o
t(> Im' ( \'(Ti iiiiH’liinli o( /a^w.i'li < >nr f I ;ilxan (I fan. }i :aaa)i
lion a [tjK'ariny 15S (li' mt( l'J and lias lu.L^ anliima* mim'iiho cmi Ii'.imc ya. r hiiuah 
p;>i]ilw (>l l.lu' mtoyraiid, (AUiaifIcriiiL; Ilia c<j (2) io l>c ' \alitaicd in Ay p'iUM' Ln 
contour iiitcural LaU’odmw* lUo IrantJoiVnud iuji
Ay -- fcn sin T
wIhm'o r ^  A -h/r^ -
This trausionus tha iruifni ot uili'yijuinii m i l^aiu' m1f> a. si r i] tjf 7 jdriiu’, 
whi(Ai IS !>nnml*'(j ])\ luo nnv<d liiu^ s con'c^ j-M lalma to the hrandi (nu. A --- /y 
ir T hliuio. Tlio hraiich cuts iu r plane are fj,iveu h\
siu A cos hoc -- ] 1
which yields
^  A:^ , COST, l \  -  L\Y\/(ta— f^in- r )  and
-  A'ov/(c^-'SiT)“ T)
and eq. (2 j transformed to
IY(f>, :) --= J .-1,(t)//,>’>(A-oA' <’W ’■) I'xji (jko Kin t)A-„ cok rd r Cb
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Shifting from cylindrical tu>ordiuatoH (/>, to .spher ical coiw’dinatcK (/\ 0)
and taking appioxmuitc valium of Haiik<‘l hun^liou ot tin' intt'gnnul oi o<j (<ii) ior 
larger vahios oi‘ r, \vc havo
H
oxp [ jA y  cos (r — >^)]/ro ( us rd r  




cos(t - ( 0  --  U
wliioli i^v(\  ^ 7 -  saildlc p o in t,
Tb('. s1(‘,o[>rsl hrsri'iil I‘a11i is gntni l>\ tlu' i-oiLstant }>has(‘ ol c^xpoiicntial 
faclur ui‘ the int-egrand ol laj (t) and is lo pass lUroindi Mu' saddle point. So 
one can liari'
/ /ti y cos (7 — 0) - const 
and is ]iass t-lnuugli t - (f Avliicli gi\«'s
r‘o,s (/\ -- 0) cos ha. - 1
sill (d-j 7 7 /2  0 )v u ^ J ia  I
Th. .^ 1.  |)I..U.-.I Jh Uk' I N'.w Mkiiiv, tlx- Iron- xlaii.liinl moMu.d
I
'"1 E r P L o I 1J L' »E. U J1 PAIN 
iiw I  ^ - fnco'.i. oc-1
\ I saddle  point /  - 6
\
BPANCH CUIC.
\ Cosh rJT. ■’- 1
'^ig. 1. T ])laBe roprcrtnutatiori for andrllt' poini modajft
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)!)(>(>) fni 1 li(‘ lo\Ar,st (M’(U r ripprnxiiuai loll ol llu* oiu’ laui (‘Jul
up w i1 h
y/,(/. n) jiv a F { H )
1,^  is oj\(‘JL hv
j y*7-i(^ ‘7n
’’ y.\7/-T6
I K^a l  ^ f 2 ) o('v/)^/i(/'./y) II > I\.ry„( \'^j,c)'}\(t\r\
11  ^ ()(I* [^ ‘) (5'y,i(/'i'‘) ) ]( ’^]< )-  ^ (i(^ ’lO'■y 1 ^^   ^ I “ ’I »yi( '^2^')^^
t.„) ) - y ^  i('v^)/y,7 -yii^/oi^rA• j ^ i  >
< J ' ,  s i'i
j ) i ( s ^ ’i { ) { ^0  ^ 2  ^ (k()*yi(<''i  ^ )\'Ji('"‘j/0y*'.7 1
-^.1 „.A,('•./') >',('V')I >’,(',/'iii d 'y 'd  [ |>./„(r„(0 - -/,(-V/)
^di^vo-y,('(//)
,M 1J
 ^  ^  ^ (I  ^ n(^  l(  ^(/ )^  ^ o'yo^  !
i( I 1/^  ^ u l 1) 
'f ()(^ '(/''i) ) (i(i''((U)'/1(^  (|U) ) 1 (** 1/^ )-ydi‘' o^ o11  ^ ) "'yi(^(/0!i
/l ,7 I *^ j('''lO*'S I 1  ^ dll' 1' )  ^ I 0 '^ u(^/2i\(^oi)A'V')i''''V;;!'r;^''(»y (/m J
rl^(l\U)t\,a ) „((■„(/,) 
■'»('V'il
11 ii( i( ) 1 1(^  i
, / , y  )r/„(/  j,(/ ) ' ^ , ( ^ ( / 0 l  1 I '  t- / / \ ,  / , IN ; I '  / / I n , I
'^oP’o” 1 )
f>7i -  I l 's l'r /o ( ''i '0 '/i( 'V d --f.( jr2 -/i((! i(< )'- 'i( 'V d U  • i(''a«/)-/*'.-,ii-'A(MM'’«ol
i-/.'.,,,,/,((',(/){ r ,(iv/)fn I’a -M 'yd  - < n l ’a l'ii('V^)'/i(»yd}l
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^  [Cfl I  ^ ~ *'  ^ I  ^ ii(^ 'i‘')[{'^o(/'i<)  ^ i(''i^  ^
 ^n(^ 'V’)» i^(‘'’L'’)r^ .s'^  1 ' )^ s-^  r ’^ K ^) ^
*^f!()  ^  ^ I 2  ^ o(^ '2^  ) -^  li  ^ I  ^ (|f ^  (0  i )[ {'■^ (li^ V^   ^ 11'*
-  l('V')^s'  ^ 1 1 * VA)('V) in y
/) d^(Vqv)
'*7.1 ~ T , V ^^2
'^ (V )
/l.y.j -- ( ) ^)[(\d )J -^ [(\y^ l) ■~''r(i 'J  ^ l( ''V'^  1 I  ^  ^ >‘l ‘^V.n*^  ((''2 ^0  !
/; - // - //
-=‘ J A v . )
iL .
J!n .
 ^If  ^ j}
It ft  ^ {\[‘ A )
'•71 ■ '*72 , ;'/(,('V
P»y \M t\ i i i i i ,  ViUimis pai a nn*1 <m> ( k t i i i  n i i ‘: in <^\pri ssinii n( l ,y n i( ‘ fan  I hr 
fliarari(M i-^ t ifs nl ( lu' lad ia t in i i  i i fM
:>. lilosi i;rs AM) ( oNTJAisnIN
'Tlif \ alu(‘ ()l ! . ! , ,  I NNits rom puh'd w jIIi 1 lie Ih‘I|) oI II>M-ll.‘tO ('nni]nit(n' lor 
various \Mju'2'. of jjaiannarr.'^ <;i\<ui l(\ (^ , and <A'f<\ *d A^  ^ HOO • 10-
f - 0  L L' -  ff)/r) Tlu' foin[)nt'Ml rrs id ls  an* j^Maui in lal))f 1 and also pliHdfl
Tal)l(‘ i l*dl('fl o1 lli(^  ladnis nl lln^  rins2, .'’Oiina- (a)
a, - 0*. I cm h 2 S (an ( l!.Sn00r» (an d 2.H(MM)or> can
I li soil!nr> (If 'In lid' I'ad s(M * a 'J 0 lan
Tlu- (lll'l'i^ t JUH ( m <||'Lil'fcs) L'^ O'SI Ik-1i»\\ IiMV'' lri-> llll'Ml-.'' MH I lil ll'*11 (i(‘M (ll> l■f‘l;n l\'‘' miM^ '). '^ riic 
(lavol ions ni li'-r (liaii tliC"'!! h.i\s‘ ilu- maxiuaiMi jniijtln ndi' u( Ihr laidijilion li'-ld (in rclidix'c 
nnits hnA’mu; \(dui' I J 142 055(1)
72.50, 15.25 12.75, 7 7r 48.25., 14 :•5, 25.2;5. 21.0. :; J .0, 18.0. 24 .50. 75.5 19 25, 17 5. '7.0. 44.0,
18.25. 17.25 , 15,5, 40.75. 15.0, 59.;1. 17.5, 2.0, 1.5, 2.25, J 25, 1.0, 21.25. 2 5. 0.75, i7.0, 17.5
0.5. 0.25, 74.71, 2.75, N.75 21.5 , 42.75. 4 0 1.5,. 12.5. 44.0. 1.75, 41.50. 25.75. 1.25, 4.25,
47.25. 4S.0, 10.0, :;i 25, 40.25 17.0 70.25, ;;2 0, 19 25, 07 0, 54 .25, :;.5, 4.0, 00.25, 47 5, J0.25
11..7, 15 75, 4.75. ‘10.0, 40 50, 8 0, 48.5, 5 1 0. 1*1 0 5 75 54 75. 24,75. 25.0, 10.5. 24.75, S 25,
12.0. 17,25, 18.75, 41 75, 20.0. 20.7 . II.5, 10 75
'I4k-m- dir'ctdionN Ini'^ s' i,hr niMj.ouhnl(‘ ol ilu' jadiatnai licid r(‘K[HM'( ivnlv 
I :u)2:i. i.:;r>:jr>, i.:{i2r>, i dorjo. i.27in. i.2(i27, i 2111, i.iimu, i.nmi, i.i77s, j . 11155.
I i.i2S5 , i.i20(>, 1. 1 1 *2 . i.uHtH. Losra, i.nniH. i.niiHii. i.ofi.'io, 1 .0 0 2 2 . 1 .0 0 1 5 ,
l 0580. 1.0547. 1 0525.1.0450. 1.0451. 1.0424. I.O.'iOa, 1.0.470, l.OliOlT 10449 1,0420, 1-0284
I, 02(;9, I.OIOS, I.017S, 1.0147. 1.0129, I 0114, 1 0105, 1.0007, 1.004, 1.0049, 1 0042, 1.0040,
J. 0044, 1.002S. J.0022, 1 OOJS. I.OOlO, 1 0015, 1 0014, 1.0007, 1 0007, 1.0004, 1.0002, J.0002,
l.OOOJ, 1.0, 1.0, l.O, 0.9S44 ,0.9140, O.S745. 0 S07C, O.OH89, 0,0825, 0.0045, 0.0504, 0.5502, 
0.5194, 0.4945, 0.1022 0 4174. n 2402. n.2214 0 2029. 0 1454, 0 0980, 0.0918, 0 0798, 0 0744. 
0.0744, 0.0282. IMUSS. 0 0005.
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111 llu  ^ fi,L^  T h r  plot wIk 'Ws tji(  ^ ('.ifect. (A i lir  jiirlms of tJi(^  c-entral conductor 
OIL radiution palttoii. Kor liavirio rnoic ]nccisioji in direction liie  plcit ih made 
only loi‘ lirsl 10 dewmos. This is a JVaetifm of tlie tola) ladiaf ion pattern  but this 
sun'Iy exhibits I fu^  i^ e^iKaal beiiavioiir ol tli(‘ radiai ioii lieJd Foi 0.] e?/?
Kig ViirmMim of Uio Liold urupliimt' willi dirrrtioH f(
Holid curvo n,l cm,  ^ u - 1.85em, h • ^.Scm, <
I t! -  2.800055 cm, 2.800105 
- dotted (Mirvo (f| 0.15 cm ^
2.S0005 cm 
cm i n - 2 n X  10^ '^  
rut I sec " ^
(solid ])lot) it shows h'ss bnwid maxinuini radiatimi zoiu^  wliile ioi a  ^ - O.Joeni 
{(lofted liu(') tlieii' o('(mu;s five liroad ladiatiou zones liavin^ maximum radiation 
{1.7r>“ to to 5.25" to 0.75^ 7.25" to S.O" and beyond 8.0"). 1 ’his is of
eour.si' a. small rang(‘ of dinadion but it is obvious vluai one preaveds tenvards 
0  the inaxiimim radiation zoiu^  tijets liroachnuHl and frem 80" to 80.75' 
(lor u, 0 ,1 cm and a, — 0 J 5  cm) tlnu'e oeem s a uniform imliation zoia‘ liavinf* 
maximum radiation. But tli(^  direction of 00" remains to be having Jess intense  ^
radiation in idl the cases Tlic increase in a causes tlu' more diiections having
less intense tield (table 1 ) The Viuiat ion in ])atteiji due to tlie variation in other
parauudia s is not r(']>orted hm’c*. This stiintim^ (‘ss(mt iall}'' giv(‘S the broad luultT 
peaks wliile oii ('xeilat itm with the hel]» o f ring souicc Ft is woitli noticing tliat 
these results aia^  obtained willi the ludp ol‘ theoret ical background and luasl to bo 
N^ eritiwd exp *rimmitally. As far as t he physical explanations ar<' coiieerned tlu* 
li'aky wavvv^  (^xeitaiiou on such surfaci* are the well proved i*-nd
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lioaco tlio expla-uatioii joudtMvd by 'rainu' ct ai UU)|{) smns lo iu* most
pfoiiiLsiii^ iiud aforptablr. Tliis vmliat ion hysloin (‘an h(' viMializi'd as imilli- 
laynred iniiliipnak radiat ing systom.
A<UvNO\VbFJ)(;!\n:NT
Tlin author (S(?S) is grnatly to C-SHi (India) for proyidiu<;' liiin tin*
rnsnarch folloAvsliip. I( ^ivos iJn' jili'asim* to tln^  aiitliois to (hank Th', Jlain 
(^Imudra also loi- const.i'iictnn‘ disrnssjons on (1k‘ snhj(‘(‘t inatba ol this ar1i(‘lc, 
Tkn authors also w ish to lliauk tin* rctcMayroi takiiiL'  ^ In1( n'sl m niakiiu; (In* Naln- 
aUl(‘ (a>mrU(MLts aboid Mn* papiM Tin* 1h‘Ij ) Ikhu IIM i Stall ol tin* Instilnti' in 
(‘oriqnitatiniial work is also a(*]vnowi(‘dn(*d wi(h (itanks
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